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ABSTRACT  As  far  as  impact  damage  mechanisms  with  regard  to  free 
ARALL  and  two  types  of  prestressed  ARALL  laminates  are  concerned, 
surface  observations  and  test  measurement  analysis  without  damage 
were  carried  out  with  respect  to  the  propogation  of  impact  damage 
during  fatigue  processes.  Cumulative  fatigue  damage  models  were 
set  up  for  laminates  after  impact.  Probes  were  done  with  regard 
to  the  influences  of  prestressing  on  fatigue  properties  after 
ARALL  laminate  impact. 
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GRAPHICS  DISCLAIMER 


All  figures,  graphics,  tables,  equations,  etc.  merged  Into  this 
translation  were  extracted  from  the  best  quality  copy  available. 


ARALL  laminates  are  glued  aromatic  fiber/aluminum  alloy 
laminates.  They  have  already  achieved  applications  in  such  parts 
as  aircraft  wing  skins,  cargo  compartment  doors,  as  well  as 
forward  fuselage  sections,  and  so  on.  Weight  reductions 
respectively  reached  33%,  23%,  and  25%.  Fatigue  life  was  clearly 
increased.  However,  the  main  cause  blocking  widespread 
applications  of  ARALL  laminates  is  sensitivity  to  impact  and 
puncture.  Fr4se  ARALL  laminate  residual  stresses  are  large.  This 
severly  influences  the  dynamic  properties  of  ARALL  laminates — 
particularly,  fatigue  properties.  Therefore,  research  on  fatigue 
properties  of  ARALL  laminates  after  impact  was  launched,  and 
explorations  of  the  influences  of  prestressing  on  laminate 
dynamic  properties  is  very  significant. 

1  System  Tests 

1 . 1  Samples 

Taking  3/2  structure  ARALL  laminate,  it  was  worked  into  an 
impact  sample  250mm  long  and  80mm  wide.  The  sample  nominal 
thickness  was  approximately  1.4inm.  One  type  of  sample  was  chosen 
without  prestressing  (psO) .  Two  types  of  samples  had 
prestressing  (psl:  450MPa  and  ps2:  790MPa). 

1 . 2  Laminate  impact  tests  were  carried  out  on  a  controled  hammer 
drop  type  test  apparatus  [1].  The  impact  samples  were  placed  on 
the  support  clamping  apparatus.  The  square  aperture  dimensions 
of  the  support  clamping  apparatus  were  75mmx75mm.  Between  the 
samples  and  the  clamp  plates,  a  rubber  sleeve  ring  liner  was 
placed.  Bolts  were  used  to  tighten  it  down.  The  impact  body 
vertically  struck  the  center  of  the  sample  using  a  free  falling 
body  method.  The  mass  of  the  impact  body  was  2.5kg.  The  drop 
height  was  0.4m.  The  impact  energy  amounted  to  9.81J.  /1533 

1 . 3  Test  Measurement  Experiments  Without  Damage 

In  all  cases,  internal  laminate  damage  was  detected  with  the 
use  of  X  ray  penetration.  Sample  surface  cracking  was  recorded 
with  the  use  of  a  camera. 

1.4  Fatigue  Tests 

Samples  after  impact  go  through  fatigue  tests  directly  on  an 
MTS810  materials  testing  apparatus  after  passing  through  test^ 
measurements  without  losses.  Sine  wave  loads  are  added.  Fatigue 
test  parameters  are:  omax  =  160  MPa,  f=15Hz,  R-0.1  .  During 
testing  processes,  monitors  point  out  maximum  and  minimum  values 
for  sample  loads  and  displacements  under  numbers  of  cycle 
iterations.  Use  is  made  of  the  equation  below  to  calculate 
laminate  dynamic  stiffness. 

(1) 

In  this,  Pmax,  Pmin  and  6max,  5min  are  respectively  maximum  and 
minimum  values  for  load  and  displacement .  Kd  is  laminate  dynamic 
stiffness . 
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2  Test  Results  and  Their  Analysis 
2 . 1  ARALL  Laminate  Impact  Damage  Mechanisms 

Fig.l  and  Fig. 2  are,  respectively,  outside  photographic 
views  and  X  ray  penetration  photographs  of  three  types  of  samples 
after  impact.  It  can  be  seen  that  ARALL  laminate  impact  damage 
primarily  appears  as  aromatic  fiber  breaks  in  the  vicinity  of 
impact  points.  There  is  aluminum _ layer  plastic  deformation  as 
well  as  delamination  between  aluminum  layers  and  aromatic  fiber 
layers.  When  impact  energies  exceed  a  certain  critical  value, 
the  front  aluminum  layer  surface  is  caved  in  in  the  vicinity  of 
the  impact  point.  The  back  surface  aluminum  layer  is  bulged  out. 
In  conjunction  with  this,  one  has  the  appearance  of  cracks 
perpendicular  to  the  direction  of  fibers.  From  Fig. 2,  it  is 
possitxe  to  see  that  the  states  of  impact  dam  ge  for  the  three 
types  of  samples  are  not  greatly  different.  The  surface  area  of 
damage  and  the  size  of  the  impact  head  are  of  the  same  order  of 
magnitude.  This  is  clearly  different  from  resin  based  composite 
materials.  Therefore,  giving  fibers  an  application  of 
prestressing  during  solidification  is  certainly  not  capable  of 
improving  ARALL  laminate  counter  impact  properties. 


Fig.l  External  View  of  ARALL  Laminate  Impact  Damage  (Back 
Surface) 
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Fig. 2  ARALL  Laminate  Impact  Damage  X  Ray  Penetration 
Photographs 


2.2  Propogation  of  Impact  Damage  During  Follow  Up  Fatigue 

Processes  /1534 

The  propogation  of  ARALL  laminate  impact  damage  during 
follow  on  fatigue  processes  primarily  appears  as  the  opening  of 
cracks  on  aliaminum  layer  surfaces.  Two  types  of  delamination 
form  between  surface  aluminum  layers  and  adjacent  aromatic  fiber 
layers.  The  cracking  of  aluminum  layer  surfaces  is  given  rise  to 
by  residual  impact  plastic  deformation,  and  is  not  caused  by  the 
propogation  of  cracks  caused  by  impact.  The  cracking  associated 
with  free  ARALL  laminate  surface  aluminum  layers  is  a  main  crack 
passing  through  the  impact  point.  During  fatigue  processes, 
there  is  rapid  propogation  in  the  direction  of  the  width,  and,  in 
conjunction  with  that,  penetration  in  the  direction  of  the  sample 
width.  Prestressing  of  ARALL  laminate  surface  aliiminum  layers  is 
a  dispersing  of  large  numbers  of  mixed  up  small  cracks  in  the 
vicinity  of  the  impact  point  periphery.  Propogation  is  slow. 

The  opening  of  cracks  in  aluminum  layer  surfaces  causes  very, 
very  great  increases  in  shear  stresses  between  layers  in  the 
vicinity  of  the  cracking,  setting  off  propogation  of  delamination 
between  aluminum  layers  and  aromatic  fiber  layers.  Therefore  the 
opening  of  cracks  in  aluminum  layers  is  a  primary  cause  producing 
delamination.  However,  inadequacies  associated  with  the  shear 
properties  of  adhesives  between  aluminum  layers  and  aromatic 
fiber  layers  is  the  internal  cause  of  delamination  propogation. 

As  a  result,  improving  the  shear  properties  of  adhesives  is 
capable  of  improving  ARALL  laminate  fatigue  properties  after 
impact.  During  the  entire  fatigue  process,  no  breakage  of 
aromatic  fibers  was  observed.  In  fatigue  processes,  impact 


3 


damage  demonstrated  that  the  opeinj-ng  of  cracks  on  aliminim  layer 
sufaces  certainly  did  lead  to  the  spreading  of  delamination 
between  alximinum  layer  surfaces  and  adjacent  aromatic  fiber 
layers . 


2 , 3  Fatigue  Properties  of  ARALL  Laminates  after  Impact 

Fig. 3  is.  the  relationship  curves  associated  with  changes  in 
dynamic  stiffness  over  numbers  of  cycle  iterations  during  fatigue 
processes  after  impact  on  three  types  of  samples.^  From  the  Fig. 
it  is  possible  to  see  that  the  patterns  of  drops  in  dynamic 
stiffnesses  associated  with  free  ARALL  laminates  and  prestressed 
ARALL  laminates  are  different.  However,  two  types  of  laminates 
with  different  prestressing  are  the  same.  In  initial  cycle 
periods,  drops  in  free  lai.inate  dynamic  stiffness  are  very  rapid, 
However,  prestressed  laminates  are  relatively 
going  through  a  certain  number  of  cycles,  free  laminates  tend 
toward  stability.  However,  prestressed  Inmates 
finally  coming  together  at  a  characteristic  point.  This  can  be 
explaiLd  as  aluminum  surfaces  of  prestressed  laminates --during 
solidification  processes — achieving  residual  stresses,  there  y 
improving  their  fatigue  properties.  Following  that,  the  number 
of^cycle^iterations  increases.  Cracks  open  in  aluminjm  layers. 
Propogation  of  delamination  causes  residual  stresses  to  be 
released.  The  result  is  that  dynamic  stiffness  rapidly  drcpps . 
Finally,  it  comes  together  with  free  laminates.  At  this  time, 
thriff^cts  of  prestressing  have  already  completely  disappeared. 


Fig. 3  Dynamic  Stiffnesses  During  Fatigue  Processes  After  ARALL 
Laminate  Impacts 

Key:  (1)  Dynamic  Stiffness  (2)  Number  of  Cycles/Thousand 
Iterations 
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The  level  of  accumulated  laminate  damage  during  fatigue 
processes  can  be  related  to  dynamic  stiffnesses.  It  is  possible 
to  use  the  equation  below  to  define  degree  of  accxunulated 
laminate  damage. 


D  =  \-{K,/K,) 


(2) 


In  this,  Ko  is  initial  dynamic  laminate  stiffness  when  fatigue 
begins.  Kd  is  dynamic  stiffness  during  fatigue  processes.  When 
fatigue  begins,  D=0.  Through  monitoring  dynamic  stiffness,  it  is 
possible  to  calculate  accumulated  Ic/els  of  laminate  damage 
during  fatigue  processes.  Calculation  results  for  three  types  of 
samples  are  the  data  points  seen  in  Fig. 4.  From  Fig. 4,  it  can  be 
seen  that  prestressed  laminates  and  free  laminates  possess  /1535 
different  patterns  of  accumulated  damage.  However,  two  types  of 
samples  with  different  prestressing  have  the  same  patterns  of 
accumulated  damage.  Free  laminate  levels  of  accumulated  damage 
(psO)  show  power  function  changes  with  numbers  of  cycle 
iterations,  that  is. 


D  =  \  —  aA^ 

(3) 

In  this,  N  is  normalized  numbers  of  cycle  iterations.  N  =  N./N^, 

is  characteristic  numbers  of  cycle  iterations,  that  is, 
the  confluence  points  of  dynamic  stiffness  curves  for  free 
laminates  and  prestressed  laminates.  In  this  article,  Nc  = 

1.8x106  .  a.  and  ■  are  parameters  awaiting  specification. 

Levels  of  accumulated  damage  for  prestressed  laminates  (psl 
and  ps2)  show  exponential  change  patterns,  that  is. 


(4) 


In  this,  ■  and  ■  are  constants  awaiting  specification.  The 
meanings  of  other  symbols  are  as  before.  Using  equations  (3)  and 
(4)  on  experimental  results  to  carry  out  regression  analysis,  it 
is  possible  to  obtain  the  cumulative  damage  functions  for  free 
laminates  and  prestressed  laminates  which  follow 
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Free  ARALL  laminates 


(5) 


/?  =  1  -  0.475 


Prestressed  ARALL  laminates  Z)  =  0.02  x  (31.84^) 


(6) 


Cumulative  damage  functions  are  as  shown  by  the  solid  lines  in 
Fig. 4.  The  experimental  data  points  for  two  different  types  of 
prestressed  samples  fall  on  the  periphery  of  the  same  curve  drawn 
out,  clearly  showing  that,  after  laminate  prestressing  reaches  a 
certain  level,  continued  addition  of  prestressing  is  certainly 
not  capable  of  achieving  better  fatigue  properties  after  impact. 


3  Conclusions 

ARALL  laminate  impact  damage  primarily  appears  as  aromatic 
fiber  breakage  in  the  vicinity  of  impact  points.  Aluminum  layers 
show  the  appearance  of  clear  plastic  deformations .  In 
conjunction  with  this,  there  is  a  small  area  of  delamination  (of 
the  same  order  of  magnitude  as  the  size  of  the  impact  head) . 
Prestressing  has  no  obvious  improving  effects  on  ARALL  laminate 
counter  impact  damage  capabilities. 


Fig. 4  Cumulative  Fatigue  Damage  Model  for  ARALL  Laminates  After 
Impact 

Key:  (1)  Level  of  Cumulative  Damage  (2)  Normalized  Cycle 
Iteration  Niimbers 
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